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© High speed modem. 



® A modem is disclosed having a data transmis- 
sion protocol involving lower-speed, full-duplex op- 
eration during the connect sequence with a remote 
^modern and an automatic switch to higher-speed, 
^half-duplex operation for data transfer. Further, the 
0 modem data transmission involves transparently 
^changing between lower-speed, interactive operation 
^fand higher-speed operation based upon data trans- 
emission demands. The operation is controlled by a 
processor monitoring the contents of a transmit data 
W buffer and providing a mode control command to the 
q modem transmitter. The modem also adapts its 
speed to the quality of the telephone line by fallback 
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or fallforward to a different speed based upon pre- 
determined data frame retransmission criteria. 
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HIGH SPEED MODEM 



The present invention relates to apparatus for 
^ornrriunicating-. data .over a telephone line; and 
■ more particularly, it. relate^ tp apparatus employing . 
,. a . .communicaiion protocol involving both .higher-.. 
speed, : .half-duplex and lower-speed, full-duplex op- 
eration based, upon data, flow demands.. 

...pommunicaticn ot,datta over a telephone line js 
accomplished^ by devices that, transform a ^typical., 
..two-level- digital cornputer..,si ; gnal.into a form suit- 
able for transmission ov.er the .'telephone network 
For example, the two-levej signal is cpnverted : jnto 
a two-frequency, sequence, of signals. The conyer- 
. sion : involves modulation at the* transmitting, end of. 
...the, line, and demodulation at -the. receiving, end,, of . 
the , . .rline. x ..; ( Devices. ■ /.-providing [ ^M,. 
' modulatjon/dempdulatipn functions ar ; e referred." to ^ 
by- the acronym, "modem?. ., . v r z :; v 

( • A modem is typically inserted between, a data 
terminal t and the telephone line. ^ modem is, there- 
fore,, a two-port device, having a first interface tp the 
data ^terminal and a second interface, to the tele- t 
phone line. Control of the modulator/demodulator 
.functions can be by a .control, circuit on either, side 
of the interface .to the data terminal. Control cpdes 
for modem operation^m^y be provided frjb.m the * 
data .terminal s tO:.a cpntroi circuit via .the interface. 
Typically, the. control c,od"es .will' be embedded in _ ; 
the ; serial data stream from th^ data terrpiriaJ. .A' \ 
....control circuit v coupled to the interface receives the 
. control commands apd acts based upon them to 



generate ; 



control 



signals 



for 



the 



mqdu.'ation/demodulatjon functions. Alternatively,, 
trie data .terminal, may. generate the control ^igrjajs .. . 
• for the modulation/demodulation, JFunctions. , '/ ;r 
- In order to send digital data between transmit- 
ting and. receiving locations, , a carrier signal, is r 
i modulated /based upon the- data' values todeyeiop * 
a .transmit signal. .Telephone, lines have a^ljmited 
bandwidth for signal, transmission. The term 
- "bandwidth" refers, to the. range of transmit, signal 
• (V frequencies, which can .be passed without signifi- 
.cant attenuation. The range of frequencies of a 
.transmit signal, and ; .thus the. amount of bandwdth^ ( 
of the telephpne line ocpupied v 'is dependent upon 
; the> baud' rate .at whicrid.ata.js being sent. .As. the 
t ^speed.of data transmission increases, the t amount f 
^ ; of available bandwidth occMpied also increases-.. ' 
Typically, data tr.ansmissipn rates oyer 
phone lines, will be 3.00. 1200, 2400, 4800, 7200 or 
. . 96.00. bits per second ("bps"). At the fastest speed 
of . 9600 bps. essentially the entire, bandwidth is 
occupied by the transrnit signal frequence's.. For ( 
two . way .communication between data terminals,, 
,, .halfrduplex operation is typically used. This in- 
volves each modem alternately placing its transmit 



signal on the line. At the slower speeds, less of the 
total available bandwidth is occupied. The total 
... available bandwjdtfj , can be separated into upper < 
and lower frequency bandwidths. By selecting sep- 
5 arate carrier frequencies, the transmit signals will 
occupy separate bandwidths. This allows both 
transmit signals to be placed on the line at the 
same time for two way communication. Such com- 
' * .rhunication is referred to as full-duplex operation. 
70. , The required communication speed is gener- 
ally dictated by the, data, transmission demands of 
" . a particular application. . FoP the transfer of files of 
data 'between data terminals, high speed data 
transmission is demanded to' reduce the required 
time the telephone line is in use. For interactive 
.communication between data terminals, full-duplex 
'operation is desired. In some circumstances, there 
is jthe desire .to both send data files and to have 
interactive, communication. \n such circumstances, 
the call, connection' often must be terminated and 
reestablished in order to change between operation 
protocols. Alternatively, time-consuming command 
exchanges must be made to reverse the commu- 
nication roles or "turn the line around." 

There is a need for higher-speed data trans- 
mission over dial-up telephone lines while retaining 
a full-duplex appearance at the data terminal inter- 
face. Further, there is a desire for error control 
along with maximum thruput and minimum echo 
character delay. However, economic considerations 
also are of concern. 1 

' Full-duplex, 9600 bps communication can be 
achieved using echo cancellation per V.32 stan- 
dard. This solution is expensive because of the 
cornplex apparatus involved. Other approaches in- 
clude fast ppfi, h : alf-duplex operation using a single 
channel ' multiplexer in ' accordance with the V.29 
standard. This operation involves line turn-around 
to get a minimum echo delay but does not achieve 
maximum thruput with error control. Alternatively, 
slow poll, half-duplex operation can be used but 
* minimum echo character delay is not achieved. 

The present invention Economically provides 
.the desired 'higher-speed data transmission and 
satisfies the full-duplex t appearance, error control 
\ 'and minimum echo character delay requirements. 

In one aspect" of the "present invention, data 
, ^ transmission automatically changes from lower- 
' ' speed, full-duplex operation to* higher-speed, half- 
so duplex operation based upon data transmission de- 
mands. The transmission mode transparently 
changes from a "lower- speed, 'interactive mode to a 
higher-speed data transmission mode as data 
"transmission demands dictate. In accordance with 
this aspect of the present invention, during the 
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operation based upon data transmission demands 

during a communication and the quality of the 

transmissions. 

Referring to FIG, 1 of the drawings, there is 

presented a generalized functional block diagram 
* -of- apparatus for implementing the present inven- 
tion. The apparatus' provides for communication of 

"data and control commands ovef' a telephone line 
' to a remote Site: The apparatus of FIG. 1 provides 

a data 'communication unit which generally includes 
* v a data terminal iVan RS-232 -interface 2 (port l)and 

a modern' 3 coupled by a'hybfid'circuit (port 2) to 
T ,! tHe r ring {R) and tip ; (T) conductors of a telephone 
"^1frie-*'4. The RS-232 i interface refers to a standard 



handshake sequence between calling and answer- 
ing modems, operation is in the lower-speed, full- 
duplex mode. When a large amount of data is to be 
sent, as in a file transfer, transition is made to the 
higher-speed mode.' ' - 5- 

In accordarice with the present invention, a 
transmit data buffer is monitored! The lower-speed,* : " * 
full-duplex transmission mode is maintained until 
the buffer contains a predetermined number of" ' 
characters. Operation' then switches to higher- w 
speed transmission. The transmitter is selectively 1 ' K '' 
operable in either a lower-speed, full-duplex rhdde" . ,: 
or a higher-speed, half-duplex ^ ' ' '' ' ,v _;*/ 

In.aribther aspect of the present invention/data 
communication autornatically Changes befweSrt ^ 7^' :il established "by- the T Electronics* 'Industries Associ- 
.lower-speed', full-duplex operation and nighe'r- r . ' ^ti on' which defines the signal interface couplings 
speed, t! half-duplex . operation 5 based upon data r ~ ; '/ w " 'BetwieeiH data terrhinal^equiprTieriti-and data commu- 

• 1 : "" J nibati'ons equipment employing- serial binary data 

term "data termi- 
* : devibe having an RS- 
232 interface ' f<3r providing or receiving digital data. 
In p^cular, the data 'terminal may be a computer, 
including iny of the : so-called ■ "personal comput- 
ers/ However* the data terminal may be a printer 
or an v information display system. Further, a parallel 
iriterfacV may be used and such would be fully 
funcfibhaliy eqivalent td the' serial interface in the 
aspect, data transmission speed is adapted'to^the'*' context of the present invehtiun. - 

Equality of ttjp telephone line as determinedly J the' ; 4etiera\ function* of 'the modem 3 is, of 

extent of cteta retransmissions. Frequent dat;a; ro^ : / J So^" cpurse, to ' send and 1 re^6i\% * digital data. The 
transmission directs a fallback in speed/ As fhe ;; f \ , ~/ rriodem accepts* digital data from a data terminal 
.number of errors is 'reduced/the data fransrh^s^ ' - Hfl4a - eUnil rtn a 

can fallforward in speed. " 4 r ^ 

A written description setting forth the 'best [ 
mode presently known fqr ( carrying out the present \ 36 
invention, and of the manner of implementing '^nd" 
using it, is /provided 1 ' by the 'following detailed ; de^ c '"' ttJ 
scriptipn of ,an Illustrative embodiment represented 
in the attached; drawings herein: * ' " , ; 



SpeeO, naiT-uUpieX . Operation DaSBO upon Qma t t umwwwn uaia ionnniar^ui|jiiiom 

transmission demands during 'a communication. In ' ^ r J nibati'ons equipment employing- s 
accordance with this aspect," during interactive ' * v, lhterchahgei As used herein, ^ 
communication, operation is in the lower^speed? * ■ ' ? nar- refers t6 Shy external' : devit 
full-duplex mode. When a large amount of data is 
to 6e passed,', operation' is changed to the higher-^ ' ' \ 
.speecj, half-duplex mode. '/[ * t ' , , 
* , In yet . another aspect, the present invention;/ ^ 
provides for incremental changes in the .speed of ' \ 
data /transmission based upon determinations "of " lf 
data '."transmission error. In . accordance with 'this* 1 



aVl'd places' a transmit data signal on a telephone 
line for communication to a 'remote modem coup- 
led to a data terminal, the transmit data signal is 
an analog signal obtained ) throdgh modulation of a 
'carrier by a digital input/' During data communica- 
tion to^a remote modern-, the%ansmit data signal 
; will contain data from the data terminal which has 
" been Encoded into the appropriate signal structure 



FIG. i is :a generalized block diagram "of : a T ^ according to the applicable Bell Telephone or 

: <- — ..'.uu a* * v ccifT standards. It is to be' understood that the 

a modem also plates signals on ; the telephone line 
: ' that allow the answering modem to link with the 
on'girVatihg modem. This involves communication of 
a riumber 6f parameters' that 'allow the receiver to 
establish carrier detefctibn, adjust automatic gain 
control circuits, establish 'timing synchronization, 
'converge and adapt ttfe equalizer to the initial line 



modem in accordance with the present invention;. 

FIG. 2 is a functional diagram of the 'lele^' ; A 
phone, line interface; . . 

FIGS. 3 and^.combined'provide a functional'" 
diagram of the modem "more generally diagram-' v 
f med in FIG. 1; \ r . . s <r * 

Fid. 5 is a diagram illustrating the' connect';' " / 
. sequence for the. modem of FIGS. 1-4; ' ' \ '/* V'!..! V 



46 



3 , FIG. 6 js a flow charf'/diagram of an pper^ f cdhditions'. and Synchronize tHe descrambier. Also, 
ationaL.sequenpe of the modem of FIGS. 1-4 ihydly- so' [[' in the iriitial liHkihg p raced ure, referred to in the art 
ing iower-speed', full-duplex linking of the m$Mfi''*' , ~'^'l K ' r as*the : " v handshake' , 'sequence ( tones will be placed 
and ..subsequent higher-speed, half-duple^ data; . : '"; t .'bn the telephone line. 

transmission; and * : ' 'J j n acfditi on to : accepting digital data from the 
FIG. 7 is, a flow chart diagram of an'bper- 1 ' ! data terminal for communication, i.e.. TXD, and- 
ational sequence of the modem of FIGS. 1-4.irivqlv- ' ' 'ss providirig received digital data to the data terminal, 
ing...data transmission .that' automatically changes " '"i'.e.; R><bf there may be* an exchange between the 
between lower-speed, ''fuli;duplex and higher-spef d J ' ^ "modbm' and" the data terminal of various control 

"•* : ; \ signals such aV data terminal -ready (OTR), request 
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c . ' 

" \ 



. . to /send (RTS); data set ready (DSR), clear to send * 

.:' (CTS) and Carrier (CXR). The various exchanges 
*w ' between 'an originating modem and an answering - . 

•>;, . modem in the handshake sequence and in linking * 
' 1 ' : v/are. well 'known, to those, of skill, in the modem art. s 

.. )Similarly ( ;the various exchanges . between a rncdem ■ 
r . . and the data tetcninai to which it is coupled includ*- 
. ihg the above-mentioned l OTR t : RTS, DSR, 'CXR. i , ; * 

and; CTS ; signals are: also well-known- to th.ose/.of 
• ^ skill in the modem 'art.-.. . . , ^ .■ • '0- 

.. f In the mode/TV shown; in* FI.G: : i, a control.circuit .. ; 
inithe form of. a processor :is\provided to direct -the ■> • 
overall operation of the ,- modern and execute , a i. 
'sequence of instructions to- CQOtrol the various e|e- > , 
< ments of the modem: The processor includes, a is y 
.central processing unit (CPU) .12 and a program : . 
- read-only memory, (ROM); 14., -The program : -RCM 
•14 -contains-, instructions ,for: directing the various*. 
. operations, necessary. to effect the overall operation ., 
•of the mocfem. ;The CPU,, obtains instructions .from 
the ROM .14 and interacts wjth the various modem 
elements over, a data bus. 16 and an address bus 
18.' CPU 12 is coupled to the- data bus by a data 
bus buffer 20. Similarly, th&,.CRU is coupled-tq the. ( 
address .bus by an address bus buffer 22. An input 
latch 24 is also « coupled , to. the .data bus and re- 
» ceives. inputs Jo be. obtained by, the CPU during the 
coufse of its :operation. Among the inputs are those 
^ 'af :DTR and *RTS -received, from the data terminal, 
• Tihrciugh 'the ;RSr232. interface;- An output latch 26 

= .couples .tovthe ..data- bus and permits the ,CRU to 
place output information- «to, elements requiring. 

• • ~i command?, code inputs; Also, -among the outputs. 
;from the CPU handled by the output;|atchi26 . are; t 

the, DSR.. CXR and CTS outputs, to the data.;te:;rnk 
■■; k . nal. ■ "~ .■ 3;, .v: 

: . As 'will be appreciated, the control circuit- func- 

tiens of data , control and i modem control may . be 
^. ,,, ^assumed, by therdata terminal. For ^example,- the 
• OPUJnthe. data terminal may in accordance with 
vi. . appropriate software instructions provide spme or 
j/: •:" a-liOf the functions of data, and modem -control. : 
i .Alternatively, a separate circuit, peripheral, to* both 
■7. the data terminal and the modem, may be interccn\ 
mected-to provide the control circuit functions. -; 
...:v:: » .... Further, while, the gat^, terminal 1 in the illustra- . 

tive embodiment provides a : local site data source.-, . .... 
. . .-data for , communication ^rnay be otherwise. prc^ .. 
v- ; vided., Similarly.,, while, communication ..may t ,be to a> 
* v » remote modem .coupled -to. a : -remote data . tejmjnal ■ so 

• • serving as, a remote data source and receiver, 
.'-1 * other .data receivers are contemplated. For- exanp- ■ • 

- --pie, the.remQte modem may. be interfaced to a 
.. remote data receiver in the form of ^n information ... 
~ : display system -such. as . a printer or character ge,n- t . 55 
erator for a display device. Moreover, a>, remote .■ 
data receiver may include data transmission -capar e 
bility, for communication back to the local site. 
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.. The moder^-j^n- Rg. ; *-1 .further includes a 
transmit data .bu,ff^rj28 receiving digital data from 
the data terminals-communication. The transmit 
data buffer may .b9 -physically located on either 
side of interface SUAIso, the buffer can be within 
the data .-terminal.- $>r in an., interconnected periph- * 
r'eraL The data js. routed, through serial I/O device 40 
f onto tlie.data bus 16. Digital .data from the transmit ' 
; . buffer, is- prpvided via serial I/O device 40 to a 
. transmitter 30. The transmitter is selectively op- 
: erabla to transmit in either a , higher-speed, half- 
. .duplex mode pr : in a lower-speed, full-duplex mode. 
Selection of the particular mode of operation is 
under the . direction of tfi,e processor. The transmit- 
ter output is coupled to. the ring and tip conductors 
. of the telephone line by a hybrid circuit 32. Coup- 
..led t to the hybrid .circuit 32 is a receiver 36. The 
1? . receiver is capable of receiving- at various data 
:rates and in various modes.. Selection of one of the 
receiver outputs is made by a multiplexer 38. The 
serial interface circuit 40 under .the direction of the 
processor < provides ., received ..data for passage 
through th^.RS-232 interface to the data terminal. 

Although ,jhe operation, of an implementation of 
the structure^generaily diagrammed in FIG. 1 will 
be presented, a summary overview of the operation 
of the diagrammed modem should be mentioned to 
aid in understanding the description which follows. 
. -In operation, the. transmit ; buffer.,holds data from the 
daja -terminal. The transmitter receives data from 
the transmit data buffer and places a transmit data 
; signal on the telephone line. The transmitter is 
: selectively operable in either a lower-speed, full- 
duplex mode or a highej-speed. half-duplex mode 
in response to a. mode control command from the 
processor. The processor monitors the amount of 
data being held in the transmit data buffer and 
produces the ,mode control command to the trans- 
jmitter to establish the mode of transmitter opera- 
i tion based upon the amount of data in the transmit 
■ • data buffer. If the data transmission demands of the 
. data terminaj are such .that., the transmit data buffer 
does -not : fill rapidly enough to. require the higher- 
t speed operation,^ the processor, selects the lower- 
speed, :full-duplex mode. of transmission. However, 
with such operations, as fi!? transfers or full-screen 
applications when data. is required to be rapidly 
. transmitted, the . lower-speed mode cannot prevent 
, the buffer from rapidly filling. When the processor 
determines that a .predetermined number of char- 
- acters is reached in the. transmit data buffer, it 
. directs the transmitter .to enter the higher-speed 
mode of operation. When the data transmission 
, demands decrease, the processor so determines 
and can direct the transmitter to enter the lower- 
-speed mode. Aiso, during the connect sequence 
between an originating .modem and an answering 
' modem, the initial exchange of link parameters and 
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other required control frame exchanges proceeds vided by random access memory 100. This mem- 

with the transrnffter- being directed to operate in the ory is a nonvolatile memory that stores information 

lower-speedi'^ulP^fuplex mode. When the modems " such as telephone numbers arid other information 
have been tonk&d ; ahd data-communication ensues, ;. which is historical. A battery, circuit 102 maintains 

the processor ''dlretts* the transmitter to operate in v. 5 the contents;of RAIvl 100 during the time power is 
the higher-speech haif : duplex mode. " 1 ; off. Also, during the .time of resetting the processor, 

Referring next 'to TOG. 2/ there is presented a • ^ battery. circuits 1'02 disables RAM. 100. 
functional' diagram' of- ttie- telephone line interface ' T-umingfriowito'FIG;v4rthe i .higher-speed trans- 

and power supply 1 circuils. The power supply (not ; ' V-miMand receive functions are! performed by a corn- 
shown) is conventional and- provides voltage levels ^10 ■ bined transmittier/receiver- device 104. This device 
of +12, +5, -12, and ground! The power supply is suitably art -HOG PAX- system! available from the 

output is applied to power supply filtering circuits-" " .* v : Semiconductor- Products • Division of Rockwell Inter- 
to obtain "the Voltages for -operating the various-' °- ^" 'national COrporat3on.*'OeviceM04 is coupled to the 
circuit elements. The hybrid' circuit 32 is shown 'tb^e - -- : dets and address busses in'orrier to receive direc- 
-redfeive trie analog 'signal 1 to-be placed on* the^^rs^ *tion£>'as*to ,, *the i configuration for the operation de- 
telephone line.- This signal is provided over condub-'" 1 ""• - 'Sired. Serial- digital data for serving as the modulat- 
tor 33.' The analog signal is applied to an isolation'" ^ mg signal is provided to device 104 on the TXD 
line transformer 1 52 having protective diodes 53 £nd< - v: *Nirie '105. Tfte.serial digital dataJs routed through a 
filter capacitor 54 connected across its terminate. i: multiplexer 106 v Referring- again \ to FIG. 3. the TXD 
the transformer is- coupled r to- the tip arttf ntogl' tf '20' - signals obtgined- from serial input/output device 
conductors of th'e telephone lirie conhector^by <a- t" - 'v*' ' WO?-through twitch 1 1 2. • Device ' 1 1 0 is coupled to 
hook control relay 56. Also ' connected to the tip 1 =*> 'the data bus ^d receives frames of data from the 
7 &nd ring conductors i$"rin'6 detect 'circuit 58. ' . ;v data buffer random ' access memories 96 and 98 

An incoming- 'signal is routed through the ! line • ' • * under the direction of the 'CPU'. Digital data from 
•trarisfbrrh'er : and hybrid circuit to separate sig'nal- * ^ie ' • the : data terminal is provided through the RS-232 
paths 60, 61 i-arifcT. 62. ; Signal path 60 includes- a* ^ interface .and' applied serially, to device 110 for 
gain stage 63 and equalizer circuit 64. Signal path * ^ " - conversion to parallel form. The CPU directs the ^ 
61 'includes gain stage 65. Signal path 62 inclUtJ'eSJ^ -paralleMorm data 'from device .110 to data buffer ^ 
bandpass filter 66 and envelope detector 67. The»* ■- '•■']"■ rsindom access* memories <96 , and 98. The CPU 1 
outputs' of the signal paths are variously applied to — Eoo * ' monitor^ 'the- data frames being placed in the data w 
the circuitry shown in FIGS.*3 and 4. : • ' ■ > r;: - y 'buffer and ; keeps 1 ^running ^tabulation of the- ) 
* " With reference now to FIGS. 3 and 4, there'is ^ " amount of data toeing placed in the data buffer. In a 
presented a more detailed functional diagram of 1 "^synchronous :mode df operation -of the transmitter, 
the modem whichis generally diagrammed in FIG. vra'th'e TXD serial data stream rfrorrUhe RS-232 inter-^ 
1. The' embodiment being 'described utilizes^ a , ^ : ^ t £•a5 : •• t ^1fe"ce' , is .passed around - device :.l 10 over line 114- 
microprocessor as the control circuit. 'Accordin^lyH 1 ^^ ' '^ahd applied through 'isw'itch -112:10 multiplexer 106. 
fhere is provided a data ' bus" 70, an address bus It is only in the asynchronous^mode of operation 

72, and the control bus ^74: The CPU 80 is coupled^- '- ! ' that the- GPU directs data / to be communicated 
: to the data bus by data bus buffer 82 and coupled i ' • - ffiroughthe serial input/output device 110. 
to the address bus- by address buffer 84. Coupled' 1 '*; #~ Returning y to FIG; 4,; the transmitter further in- 
to the data bus : are input latches 86/ 88, t and 90.-^- dudes a lower^speed. full-duplex transmit and re- 
Latch 86 ; accepts and ho/ds signals from the date ceive device 116: -The Serial data stream TXD is 
terminal interface. Latch" 88 hdlds various internal "■*>* -v"'' applied v to the lower-speed transmitter/receiver de- 
rriddem signals I- Latch 90 holds various inputs : frofri •■ ;,,, * : -vice -116 from multiplexer 106 over signal path 118. 
Ihe frbnt' : panel switches. 1 The- latch enable 'signals - Us' Contro^df the lower-speed device 116 is provided 
Ve provided from decoding circuits <l 92 which Ts^ » - ■ by the CPU? Configuration and -control instructions 
coupled to the bonfroT bus' 74 and address bus- 72. ■ '- ' • - are placed in- output latch j 1 20 and provided to 

' The program for execution by the processor is v ^ 1 ^ device-11'6. -**, ^ >* r > ! " ' 
contaiheij in program RGIvt-94. This ROM iS ad- " v ^- The R96 FAX system implementing device 104 

dressed by addresses output from the CPU 6v6r' • ; 50 ! ' is a'slbW turnaround device. : The use of the full* 
the address bus 72, and the ftOM contents 1 are - • cfuplex device 1 16 'provided fast carrier acquisition 
'provided'to the CPU over data f bus 70. The 'Seflec- * " ■ --' and link management.' The fa6t* carrier acquisition 
tlon of the^ ROM is also under the direction : 6f the 1 "' " ' facility in combination with- the high data throughput 
CPU through decoding circuits 92. i- '>sw^ v- faotlity provides the desired high-speed data trans- 

Digital data' from a data terminal for corrimu- 0> r ss ' mission ovef dial-up telephone lines and a fuli- 
nication is placed in the tra'nsrhit dati buffer whfcfh j; ' :! '" ■•■ duplex appearance *af : the data tiarminal interface, 
inclubes random access memories 96 and 98. "Ad*" - * t': 1 , .'» < v.' - 

"ditiorial random access miemory storage' ' is-'-pro-'* : : * ' * : ' : ** .. i.» 
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" As further ^sho'wn in FIG.' 4, the modem in- 
cludes- a dual torie r muitifrequency (DTMF)> gener-' 
ator 122 which provides'-'tones for dialing. Device 
T22 is controlled ■ by ; the CPU with control com- 
mands-placed in output latch 124.' The analog" 
transmit signal from < the lower-speed transmitter.. 
116 is- applied to an amplifier 126. The output: from- .-• 
tone generator 122 is also provided as an input to " 
amplifier 126/ The output* of amplifier 126 and the . - 
analogstransmit signal" from higher-speed transmit- .: 
term 04 are? applied .to: -a. buffer-amplifier 128. The 

'output of 'amplifier «1 £8 is trie modem transmit t 

. signal ■ applied* over.dine -33: to"* hybrid circuit i-32 in 
FIG. 2. i : , ".('•- v^.r ; »*< .">.*• • 

*■ Further*, included incFIG; 3- is a set of 'drivers 
:1 30- providing signals to<the RS-232 interface^Cer- *.* 

•tain of : the signals ^provided: -to the drivers- are.;, i 

.obtained. through output latch \ 132 which is.!oaded.;. 

ithrough the data ; bbsn- 1.*> i.< \* r.o'wr , 

- Another outputJIatcb 134- connected to the^ataf. 
bus. provides controls for ;the': front panel,, light- . 
emitting diode displays -136. , • ■ - *» u ■; . 

. Referring again^to .FIG.i : 2 ; . the receive. .signal 
paths 60 and 61 provide the transmit signal from a 
remote modem to the iower-speed>%and ihigher- - 
speed- receiver portions, respectively. The . signal ■ 

. RXA . shown * in FIG.. 4 rs beingi.applied to device 
104, which yields*. the receive/ signal on line ,440. 
This signal Is 1 applied in,RG.<3jto multiplexer 142. > 
.When v selected •> by. multiplexer .142, rthe signal :on. 

■ line 40 is applied itb the serial ;inputtoutput~device* 
1 1d The CPU may obtain received data from de- . 
vice 410 or direct ;passage ; ;bf>the serial data onto, 
switch 144. The output, from switch 144 isl-applied 
through driver 146 to the RS-232 interface.ras. the : 
deceive signal RXD. ; 

..Referring again to FIG.^.4 I . the receive signal 
from signal -path 60 in FIG. 2 is applied. 1 to the/. 

Mower-speed device 116. The receive signaUfrom 
■device 116 is provided over line 148. to multiplexer 
t50 in^FIG; 3. The r output of . multiplexer rl 50 is'*. 

- applied to the input of the serial input/output device 
110. The CPU acquires the receive signal ;data*to 
descramble It: and provide: it ; back through device 1 
/.110. to line 143 to become>the RXO.output to the 
data terminal interface. . 1 • . • : 

c -A counter timing circuit 160 is controlled by/the^ 
CPU/ Device -160 .includes {timers which, can. be n 
turned on or off by the CPU. Device 160 generates^ 
the various baud rate timing, ..signals: for thei serial > 
input/output .communication fdevice 110 from. the; 'TO . 
output over line 1 61-: .Another-timer in device;/! 60 
provides a signal from output. T1 over line '162 ta<; 

1 multiplexer 164.;,When line 162 is selected, by: the - 
multiplexer- td-ibe applied to device .110, thetsignal. 
is provided to device 1 10. * • \r r*-^--: 
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•v Referring :'to:^ig5.;5. there is presented a dia- 
gram . illustrating?! tNe-. 'connect sequence for the 
modem of Figs. 'i>4. The diagram illustrates the 
transmitted and-received signals for both an origi- 
nate modem andean answer modem. When the 
originating* modem initiates a call, the remote cen- ^ 
• tral office sends a-ring signal to the answer modem 
which is detected on . the ring indicator Rl line. The** 
. answer; modem goes off-hook and transmits an 
answer tone of 2225 Hz.- This tone is received by* 
the originate modem and after 455 milliseconds, 
the originate modem begins sending a carrier 
•modified by logic A data, referred to as scrambled 
zeros for- ,100 milliseconds, folioyved by scrambled 
ones. After approximately 50, to 100 milliseconds of 
scrambled, zeros being received, the answer 
modem identifies that the . originating modem is 
compatible/ and. transmits scrambled zeros back to 
*the originate modem. The originate modem then 
identifies that the answer, modem is compatible. 

The modems then exchange link parameters 
for error control-. The originate modem first sends 
approximately. 23. bytes of link parameter informa- 
tion. The answer, mpdem receives the link param- 
. eters and if any parameters need to be changed, it 
sends update , link parameters . to the originate 
modem. After the update.-* (ink parameters are ex 
changed, the CXR and QTS lines are turned on at 
both modems. > . 

When enough:, data accumulates in the transmit 
data buffer at either end to go high speed, the 
modems* exchange control frames. Both modems 
vthen go into a squelch for a period of time, and the 
transmitter: of the corresponding modem begins 
sending;. data at 9600 , bps. At the end of data 
transmission, the modems squelch and 1200 bps, 
full-duplex transmission is resumed and acknowl- 
> edgments sent for frames* received. The speed is 
maintained until; it is time for either modem to 
. transmit data to the,.other modem at higher speed. 
.At that time, both modems squelch, and thereafter 
the operation continues, as described above. Data 
■transmission proceeds as required by the data 
transmission demands of the .data terminals for the 
•moderns. .; < ,? 

. Referring .next to Fig. 6 there is a flowchart of 
the data - transmission -routine followed by the 
modem , operating as an originate modem. At the 
start of , operation-, the . modem performs the 
originate/answer connect sequence by calling and 
establishing a Jink with the answer modem in a 
lower-speed,* full-duplex mode. There follows an 
. exchange of link, parameters with the remote an- 
swer mod.em.. and. confirmation of agreement on the 
parameters. The modem then enables the sending 
and receiving. of data to the data terminal equip- 
ment. If the link parameters do not agree, the 
modem disconnects. 



6 



0 260 470 



12 



When thqslsiending. and. receiving of data ,be- . .initiates recovery -by. establishing the link and reen- 
gins, >a :cheeW5 is;-* made-- for data from the data' tering -the. transmit sequence.* if the request to go 

terminal. If date .te". being received from the data lower-speed .js acknowledged; ;the routine goes 

terminal, it is:compressed, ! and put into the transmit back to the beginning, of the transmit sequence, 

data buffer. A>check 'is made .to. see whether there , s If there is no acknowledgement that all data 

is enough data-'to go higher-speed, half-duplex: Jf ; . & frames were received properly, there is consider- 
so. the modem-, sets- up : the t higher-speed, half- . : >- ation.< of whether a predetermined number of data 
duplex link and data^istransmitted in that mode. If . - frames: have .-.been transmitted- at higher-speed (e.g. 
there is not- enough* data to go.higher-speediidata <& 25.. frames).* If so, there is a check to determine 
is transmitted-' at lower-speed 'in the fulWuple:*" .--:to ^whethervthe transmitted* data Jrames included any 
mode. ' ,0 •'• •-•>»':'.. - . i if Jc.-' . retransmissions.. If there. , was ^retransmission of any 

At the the : end -of -data transmission;, in -the rr^.j'v data frame -forra- predetermined, number of times • 
higher-speed mode, the originate modem asks' -The ..ov: v^:(e.g:. 8*; times), 'there is. a calculation of the retrans- 

: remote modern to* go" lower-speed, full-duplex and mit frame ratio. Based upon the' calculated ratio, a 

to send an' acknowledgement. The modems estab-;o ns : determination^ made .whether the quality of the 
lish the lower-speed, full-duplex link. The modem-?' -vU.'* .v 'data", transmission"; indicates .qualification for a fall- 

- then checks for acknowledgment from the .-remotevr.b vii back in* speed. If there had been retransmission of 
modem. - If the acknowledgement does noft: come?.; »";:•;! • .' any 'data frame* at Jeast the prodetermined number 
within a prescribed time .out period, the modem of times, andsif .the.,modem is linked in the lowest 

initiates a recovery r to » establish the rlowe/rspeed o' '20t*. . fallbai;krspjeed^ ( then the modem disconnects. If the 
link; If the acknowledgment is received, the modem - z>: r link is not in the lowes^fallback speed, the modem 

* determines whether; the "remote modem has re- sets up- the link for one step - lower in speed and 

quested-higheir-sp'eed^operationV If so, the originate'".?..- reenters the transmit sequence, 

^modern acknowledges the 'request for higher-speed v >• > -v lithe evaluation Jo determine whether a pre- - 
and establishes' the tialf-duplex link and sets up in i'* r i:-2s: ■ determined number of ..preceding transmitted 
a receive -mode: 'There 'Continues to be monitoring < f .^1= frames included any retransmitted data indicates r 
for a ; request to' go lower-speed. When the request; ■ :<> '*, /' that; none were .retransmitted frames, the routine.-:,? 
is received, the v modem establishes the lower-' -\c io 'vmakes, art evaluation, for qualification to faJIforward v. 
speed, full-duplex link' and: sends an acknowledge- : 'o < :. t- - to' a higher speed. If the qualification is not met, the 
ment that all data frames' have been received. Th^'- e«ao .^-transmit ; sequencer.is ree/iteiod at the same speed; r::: 
received data friames are decompressed andvsentjr':u.v-iucy'But.lf.--the a :data'tran$missiGin quality qualifies for a 
to the data terminal: The originate modem then^ s.:ro failforward in speed; and rthe.'iink is not already in • *; 
returns to check, for- any data from the data 'termir.;* :>?h*-:c •vthe' highest .speed; the modem tsets up the link for ,u 
nal: The diagrammed -sequence continues ,; .umiijf . ;xa one step;higher speed of transmission. \. 
completion ■ of the required data communication oi-rnss .. The routine' in Fig.. 7 illustrates the ability of the : t. 
task. M 'i modem to adapt its rspeed to:, the quality of the 

• FIG. 7 flowcharts art operational sequence? at k-^ .^telephone line. As .indicated, the modem can either 
the - modern invoiving data communication -that -i'q * fallback to a lower -speed, or .failforward to a higher 
automatically changes' between speeds of .trafrs- -r> ev ( ? -speed. In general, to determine the quality of the 
mission based upon daita* transmission demahd*m ;4a > line; the processor of the modem constantly moni- 
'during a ccmmunicatibn and upon the quality Wthee^-.'?:^';: - tors the. number of errors, in data transmission as 

: data transrnissions. When the modem begins tran^r,;;o .^.reflected by the numbers of \ retransmitted data 

' mitting; it checks -for <data from the data termirial.v-o> * ^frames. If the number of. retransmissions is high, 
ThV data for- transmission is compressed^' and;- j* -1 ' indicating • too many errors are encountered and 
stored in the transmit data buffer. Next, there tez'.;4s*\ ; line; quality is poor; the modem drops down to the 
evaluation of wnether any data is waiting for retran- next lower- speed .until an; acceptable reduction in 

smission. If so and there is enough to go higher-. -«•■".■::. errors : in transmission is. 'achieved. If the line quality 

"speed, the modern sends control frame information ~ i v ' -improves and the number of errors is reduced, the 
to the remote modem to go ' higher-speedr ^Phet' ' T : U'j* modemUwHl: automatically * failforward to the next 
higher-speed, half-duplex link is set-up and trans : ' ^ :so -.."higherr'spfeed. \ '. 

mission of 'data begins: 'At the conclusion^ or data-v- O * \ .. The foregoing descriptibn of the present inven- 
transmission, a control frame is sent requestihg-rthe'-r " * Uon has been directed to particularly preferred em- 
remote' modem to go into the lower-speed mbdev- ; 1 . ' bodinients fori purposes of explanation and illustra- 
The modem then awaits reception of an acknowl-v/: - tfbri. It will be* apparent, however, to those skilled in 
edgenrtent. If the acknowledgement does not. come 1 .v 55 - -this :art that modifications., and changes may be 
within a prescribed time-out period, the modem made in 1 ' the' apparatus and operation described 

-' ' * ' " without departing from the scope of the invention. 



7 



0 260 470 



14 



Claims 

1 . Apparatus tor communication of data over a 
telephone line, characterized by: 

a transmit data buffer for accepting 'digital 5 
data; • 

a transmitter receiving data from the transmit* . ( . . 
data buffer, for placing a transmit signal on ay* 1 
telephone line; : - ' 1 

said transmitter being selectively operable in . 10 
either a lower-speed, full-duplex mode or a higfoor- 
speed, half-duplex mode in response to a. mode 
control command; and 

a control circuit for monitoring the amount of ,v ;v 
data being placed in the transmit data buffer and *s 
producing the mode control command to the? trans- :« 
mitter to establish the mode of transmitter, operas :\i : 
tion based upon the data transmission demands vr 

2. Apparatus for communication of data over « a- 
telephone line to a remote data receiver, character- se- 
ized by: 

a transmit data buffer for holding data; • 
a transmitter receiving data from the transmit:. *. 
data buffer, for placing a transmit signal i/on a 
telephone line to communicate data;, and control 25 
frames; - .. .. 

said transmitter being selectively operable in 
either a lower-speed, full-duplex mode or a-hinhorr 
speed, half-duplex mode in response to a-sontrol 
command; and so-, 

a control circuit coupled to the transmitter, for w .. 
providing a control frame to be sent by the; trans- . 
mitter to the remote data receiver to signal :higher~ . ; 
speed operation and producing the control ; : cc?r.v-. 
mand to the transmitter to select the higher-speed, 35 
half-duplex mode based upon the amount ;;of;c!5f a ■ 
in the transmit data buffer. •. / r.. r 

3. The mode of claim 2 characterized* in* thet , 
said control circuit further provides a control . frame- 

to be sent by the transmitter to tht** remote -date> 40 
receiver to signal lower-speed operation £.nd: pro- 
ducing the control command to the transmitter to 
select the lower-speed, full-duplex mode. ; . 1 „ 

4. Apparatus for communication of date over a - : -v 
telephone line between a local data terminal and a 45 
remote modem, characterized by: 

a transmitter for accepting data and control 
frame information and placing a transmit signal on 
a telephone line; 

said transmitter being selectively operable in so 
either a lower-speed, full-duplex mode or a higher- 
speed, half-duplex mode in response to a control 
command; 

a receiver for accepting a transmit signal of 
link control frame from a remote modem over the ss 
telephone line and providing a receive signal of 
control frame information; 

a transmit data buffer for accepting data from 



a local data termlv&tfv- . 

■ a control ^i'liult. coupled to the transmitter to 

• provide control ii'nme information and the mode 

• control .command; ".and rcoupled'- to the receiver to 
obtain- the receiv.e>signal .of control frame informa- 
tion; and *. . n _ • > 

: - ■ the control .circuit for providing the mode 
control commandite the. transmitter to select the * 

,• lower-speed-, full'duplex mode during an exchange 

■ of control frame information with a remote modem, * 
and for. thereafter monitoring the transmit data buff- 

: er and -providing a. mode control command to the 
transmitter to -.select the higher-speed, half-duplex 
•mode based; upon the data transmission demand. 
: /* 5. A - modem for ..providing communication of 

..data over a .telephone line. .between a local data 
terminal, and a remote modem,, characterized by: 

^a transmitter for accepting data and control 

frame information and placing. a transmit signal on 
a. telephone :line* to the remote modem; 

said; transmitter being selectively operable in 
either; a, iQwej-speed,, full-duplex mode or a higher- 

.. speed, -half*duplex~mode in response to a control 
command; , ., , 

a receiver for accepting a transmit signal from 
a remote data communication unit over the tele- 
phone line in /either : a higher-speed, half-duplex 
..mode or v a lower-speed, full-duplex mode in re- 
sponse to a -mode control command and providing 
a receive signal; - 

,. a transmit, data buffer for accepting data from 
a local data terminal; fc .t, 

a processor coupled to the transmitter and the 
■ receiver and providing mode control commands 
thereto; 

. the processor* controlling transmitter and 
receiver operation during a connect sequence with 
: . a /remote modem- to effect an .axchange of control 
, frame information therebetween, and thereafter con- 
trolling transmitter and receiver operation to effect 
data communication with the, remote modem based 
upon the data transmission demands by monitoring 
the data going to the transmit data buffer and 
1 -providing a mode control command to the transmit- 
ter to select- the higher-speed, half-duplex mode 
upon determining a predetermined number of char- 
acters in the buffer for communication and provid- 
ing a mode control command to the transmitter to 
select the lower-speed, full-duplex mode upon de- 
termining that insufficient data is in the buffer to 
require higher-speed operation. 

6. The modem of claim 5 characterized in that 
the processor further monitors the receive signal to 
determine a request by the remote modem for 
higher-speed operation and provides a control 
command to the receiver to accept the remote 
modem transmit signal in a higher-speed, half- 
duplex mode. 
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7. The mdde'm-'o£ claim 5 characterized in that 
the processo'rufcmther monitors the receive signal to 
determine a. "request by the remote modem .for 
loWer-speed '"operation.' and provides a control com- 

mand to the . receiver -;to acceptvthe remote modem • .s*. ; 
transmit signal in a lower-speed, fullduplex mode. 

8. Apparatus ■ for providing communication, of; .-ot: 
data over a 'telephone line, characterized by: v . v -. 

a transmitter receiying -frames of data, for 
"placing a-transmit signal on: a. telephone line; . . j r 1 to 7 

•' , saifd transmitter being. selectively operable to* -.o 
transmit data at discrete data rates in response/to r 
speed coritrol'command;. •. ■ • ■ *" 

a processor for monitoring the transmission, of 
' data frames tb : det$rmine A data transmission error^UKi ,75:' 3*f 
■ arid for producing the speed -control command;: toa f * bttr.r-- 
selectthe data' rate of the 'transmitter; and c said'^;i*; - -um< 
processor causing the data transmission rate^too ; '^t • rr.^r; 
-fallback to a" lower -data- -rate or to fallforwardvta'a^t.'.. - 
Higher data iT rate based upcn'the determination oH\ 20'' -.v 
data transmission errors. - 

; 9. The apparatus bf ; claim" 8, characterized in r '' ' < 
that the " processor 'determines ' data transmission 
errors based upon the 'retransmissions of data v, ■ 
"frames. : "< w>2S' ' . 

'10. Apparatus for communication of data over a 
telephone line, characterized by: ; ■ r 

•'•''a receiverfor accepting a transmit signabof: cm:.*- 
data : * or control^ frame information over thereto--* .<■.■;;. 
phone line and providing a receive signal; ao 

said receiver being -selectively operable' to^n:-^ ^ : 
accept a transmit -signal in either a higher^speed^- r f i hi::- 
half-duplex 1 mode or a f lower-speed, full-duplex f.rv- v. 
mode in response to a mdd§ control command;*;-: ^ ; 
and • ■'* ■"•t.i-.v^is: : u : 

* a 'control' circuit coupled to the receix'erto^^o: 
^obtain the^receiv^ signal of Control frame informa- 
tion said controMcircuit for providing the mode'* ? -"htr-.i: 
control *commahd r fo ttiei* receiver to select*" th'e^p £ ■ 

* lower-speed ;'ful Rluplex mode or the "higher-speecT/ri'cr 4^; 
halNduplex =mode- based upon a receive signal;'Jof ""Vr* r .r 
control frame information. r< •;. , . : o»a.i i ..j, :. t. * 
i; 11. The apparatus of claim 10 further char- *uv- 
acterizeef by: a^- transmitter for placing a transmit o " " 

* signal on-a telephone-line. . ; *~ i 
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